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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical module in which optical fibers and optical 
waveguides are connected with low loss and low reflection with high accuracy. 
SOLUTION: The optical module is provided, in which an optical fiber array 14 which is 
constituted by engraving plural lines of V grooves 12 parallel on a substrate 11 so as to become 
oblique with respect to the connection end face of the substrate 1 1 and by housing optical fibers 
13 in these V grooves 12 and by grinding the connection end face 14a so as to become a right 
angle with respect to the upper surface and the bottom surface of the substrate 11 is connected 
to an optical waveguide chip 35 which is constituted by forming plural lines of optical waveguides 
36 on a waveguide substrate 37 and by forming the waveguides so that their axial directions 
become oblique with respect to the connection end face of the substrate 37 at incidence and 
emission positions of the optical waveguides 36 and by grinding the connection end face of the 
substrate 37 so as to become a right angle with respect to the upper surface and the bottom 
surface of the substrate 37. 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



l/l 



03/09/26 14:56 



(19)B*ffl4tWJt(JP) (^^Hfl^irF^fK (A) (ll)«MMFfflW45tH!#-S- 



#^ 200. 1 -324647 

(P2001-324647A) 

(43)-_MB ¥^13^11^220(2001.11.22) 



(51) Int. CI. 7 WMU* FI f-T3-h*(#^) 

G 0 2 B 6/30 G 0 2 B 6/30 2H037 

6/122 6/12 A 2H047 



OL 



(_k8H) 



(21) t_n#^§- 

(22) mm b 



#112000-143973 (P2000-143973) 



¥-)&12*£5M 16 B (2000. 5. 16) 



(71) __IHA 000005186 

*^tPrxmE*#iT B 5#^§- 

(72) 3_91# 3E«c 

=PSI*te#mA«fl440#lft 8w*_,*fc7^ 

(74)ftSA 100064908 



: . i 



(57) imm (*_=*:■ 

[RIB] *7r^.'^i*»»«t*^ <6»^> <£K#t 

ibv*i 2tc, jt^r-V^i s*.^u*(_iai_-i 4 

a Sr__«ro±BB_5,TJ«J_EaDfcJt Lt W.fk _/£5i5 WIS 
tt/i5)t77^^rw 1 4 _. *_m__tiH£tt*_fc 
U *frfE^_5l_l 6 ©AWI+ffiflllc 
*3V^-C»i, tO«*lSl*, ffifl_*_m__^ffftm_Dtt: 

Sr. M£_,&__«W____2fctfJts_alc*t UtW i 5 
bT 4 5 ft^SSSS?- y 7" _ L i? - 




1 

K3S»»tr, v*©«*i6iitKSN)l»»iBU:»U-c»ii»t* 

©iffiX^jSanteSt hXW.fi b * 5 J: 5 UT* 5 

[ft** 2] S««a6««J±iBfc*»*«J3ti»ttiS 10 

©Att«t«fc«i=:tev*-CH\ 3fci»aftKS:-tO***rtiiSl»(rlB 
»o«pMlDBK»bTl»fti:«:*J:5K:»J*U SIS 

W*«3] 11*91 KE«©3t7T'f /<7W 
B*** 2 KIB*©36i»*K^ y/t frM UTt^^E- 5>sl 
-K'fcot, 20 

iB*7r^^7 i"t<ammmBb* WtitO#f-y7n 

i^feittAfcW»$tifcSSl««ffiW±Sr»^l*-e--C, lift 
IB* 7 r '<T W <n% -7 r*s< b ItWetM*- v 

J: 5 K: S *xfc: £ £ t -f-5 3t * i? a — yu. 

[11**4] tt#*3fclB*S«3te*5>3.-- /K-*3V> 
■C. ±B3lfc7r-f^i:3ftt««*i:«>«J|LB5K:aieftsFBB 30 

[If** 5] 8S**3^SE*rojt^-i?a.— /Hr*5V> 

¥as»= » ■*■ 5 ±e% wft k aa # 5 * <o mf?* ^i<onm 

1 • s i n 0 1 = n 2 • s i n 0 2 <OM#£r$§7i-r J: 5 40 

[it** 6] ±is3t 7 T-r^ru-r tit^aftis^- 

If ** 3 ftV^ I_ 5 C^fW>- *K1E*£<D#* vU — 

[^Wrof^fcgfcW] 
[ 0 0 0 1 J 

[36WroJR-*-5StflJ#»] ^KI43feiimv'^7"A{r*3 



<&M 2001-324647 
2 

©SaarffifcBSU i^SriSKat, (Sig*^ig!£-f 5 

<D\zmm*yt7 7-(s<T\s^^ ftmvM** t\ swr 

[00 0 2] 

5. 3fc*afc8S{3fc»i&«>«fT?, 5^7^4ri^tL 

(S M *te**k:{6ffi asjftft $ fur v * 5. 

*H£tfs#e>*u3 i 5»-»iBSi-5a^5**e>n-CV>5. 

[0 0 0 3] 

m&®mftM&nftm$L&b(Dmi0in. 

•So 

[0 0 0 4] r©J:?^7 r ^/^*iSSi:(cgt 

»'^:-rj;5i-, 3fc7r'f^7W4t3tfWy7"7 
<t<7?^tZ*3V>T, 7t7r^^TU'^4«5je®4 a ijfe 
^&8S^->7'7co^ffi7 a ^fel-^U-Cr*!^^ 
^i--57J)*/5SfeSo 3t7 7 'f^7K4tt 1 l ±|; 

=fT.J-*ISa$n» rc0V«2, 2--(^7fe7T'f^<3, 3 - 

[0 0 0 5] ift»=«»$Jx*3tWjftlS^yr7W:» 3f 

(4 S rnbOTt^r-Y^TU-r 4cD»fSSffi®4 a t , ^fc 

iiO»W!4 a lr^i-§^BgS4 b<D^^ x Sfcli 
S«i7aW5i«ffi7b©M) *««jtb<*5 

5 \zm * t- w^-r 5 1 <o t? *> -s o 

[000 6] i¥L<fi, 07^c:^3V^T(i, 3fe7r^/<T 
®4 a kWm&4 b 9 ' kteZkolzwm 

'iSipC, i)^SMl7aiWi7biro/m 



3 

[0 0 0 7] [2 8 U:*5l^TI4, 3t7r-f^TW 

4<7?*gigS*i§ffi4 a «#ft)fc*frLTitA, 4*1*11= 

»LT^*i:/i5 <t ri>o«jRWS 4 a £Wgffi4 
b tro/i-r^yjso * ir&S J: Sfc, 3fc*«- 

K^S'7 p 7roSi5«t«llffi7 a*«. *S5«J«*|to^*rLT 

ffi7 a irW^S57 b irW^-T^^e ' i /<£-5 4 5 tig 10 
U £*tP>tf>J3F8ffi4 b t 7 b Sr*f(p]$-erT^iggi-5 0 

[0008] La»L.-ftas&, :<oi 5#®$S*8:K*5v> 

ffitf>##, •f-^ip^^e, £0' ) 
at, 3t^?S6 £M&b*a* *K 

#*M*r£K*i^-ri4, *7r^^'7W 4SU 5 5t*iS 
OKEttSomttftasjB < > * fcS3M£**JB 

[0 0 0 9] — * % iOjfc77^^fcX«l!<ffl3M£ 

t<nmm.-%mt ut, #na3P8 - 1 2 2 5 6 1 ^fgu: 

^at?48®fc*iV^-C3S!t>5 J: ? \z.W8.±\z.1f7 t 4 <*<o 

j&K fc Sr«igg-r 5 «5 T* fc 5 . 
[0 0 10] LfrVtttfb, Z<Djjm*&&<Oi/t7T'f 

w*n%m**\£iKm-r&mitte.ttmm\*tz< 40 

[0 0 1 l ] 

[SlieSr^i-SfcfeW^lfi:] *»*»5»)HSr«iati-5fc 50 



4$&12 001-324647 
4 

*©&Mffij»*atrE*«<o*i|«BiBfcS5i-5 4 5 b 
TUX^U a«o^4SS*34^7r-r^<05fe4fflffi 

ttfcoSa^ffiSriiafciJFigi-az. irK4t>, 3t7r-Y 

^<ro««wiB5i3 4 vytm®. &<nmmmffi t «»& 4 

[0 0 12] *tLT, wW4 5^C5t7r-Y^ 

ssrojeffit*fUTB:Ai:^s4 jfcwu zti*>m. 

3t7r-f^ro3fecoil=ff^f6]{r*fbT^-r5 4 5t 
7r-r^^co^t(73it^rpio5^*e it, t&fS^St*f-f- 

z>±&ytm$L&\-*n?<byt<Dmnjjft<ofimo 2 tarn 

UVn (01 = 92) ifcSVSi, ±I5^^0 l ir^ft 
0 2^. Tt^r-Y^^e^-rSTtWHtTJSW^Srn 1 . 

l-sin01=n2-sin02 WM«Sr«fc"t-4 9 
[0013] 

T WW— M&EftW-f-37ti&<a$tlt&0-efc.«J, (a) 14 

±*»e>jifcspfl5Ba, (b) ttfldKH, (c) »4«^iss 
/O^^-fctffffiiaTfcSo w<oE»c:*3v^Tf4, mm 

Sr^St--t-?>/c>b(rv^l 2*3 4t>*rniri)SS$tt-57t 



5 

[0 0 14] H«f»-§-l 1 tZm&X'hV, iWSffil 1 

7j<75{ri|® lib fcjWtr, g« i i roS!igS4SSS l lal; 

^13, 13 • -tW&ffi® 1 3 a d'Mia&ttJttB 1 
1 a ir^^SJ: ;*:<5ol|Jt^;S;ft,T^-5 0 -5-L 

T, S«l l©StiSil l iXtf^r-Y^i 3, l 
3-©^iI13al4, S«l lWjSffi^LTSiti 

Mat »WO*7r'f/<7 W 1 4 

fc*S»7 38$fc4Slffi 1 4 a <73, 1 1 <D&ffi\zM-TZfi 

[0015] ~Z.X\ _hf5S« 1 1 fflStSI 1 lal; 20 
SU^ftttt, V»l 2©«^rtl*J. ^ffiffil 1 a 
wfiiffffifc^fUT, :8B£ 6 1 coffin S:^Ti-Sr i: Sri/ n 
5 = r <0 0. l t i"3c £ «?ffl«4A 9 

ltt, IrHNHci, r<7>Vf£l2, 1 2 —\Z&ilbtb*lZyt7 
r^/M 3, l 3 - ro^^, 3t7r^Ai 
3<£>5fc*ftffil 3 a WfiflOSKatfi-S. %7 r 4 '«n%<D 

mnxfa (tt^rsi) co^#4r^-r 0 jbiafluiMio i», 

ii; #*b<(±7~9° ©©Hir^H, J:9»*b<tt 
8±0. 1° t^ns. Afl*S7* *«T*fc5i:. Vflf 30 

7t s 9° Sr^^^t, a»»r±|ES8E<0«^^7c^ < tt 

[0 0 16] _hS2V$f 1 2tCl|X«)bn-5^fe7r-Y^l 3 
tttli, ■0iJx.liEl2{i^-t-t ) (D<oi: 5tr, %»t><r>%-7 
7 J '<7-—-7*M.\ 9%yt7 7 4s<mi&l 8K##JU 

tz. ^Sl2 5 K m03t77^^ (tMft) 13 5rfV^5 
:iWiU>. 0»Jx.tt\ 3t7r-f/<7W i 4 KHxtf> 
tn5)fc77'l'^l 3 *s i 6^T?fc-5*&^|i, 8.fr<£> 

Lbfc5x, 2*fc?rfifefctt«8T-V?t 1 2 X 12-Klfc 
£>3r idi t) x lo©3t77^/< (ftfe) i3Sr— ?ij 
t^tdin, *7 7^/<*|i 8 

rir/i<, »»-g-T?*>5. fh^Ay^b<0^7-fy<T 
— :ACri»l 9 iSr^dSSfflv^Sr t t,-5J«g-ei>5 0 L 
t, ±IE*:?7-Y'<1 3 WteaffilA, %7 7-i'^— 50 



) 2001-324647 

6 

»19i LT3t7r^/<7W l 4W«**»fey — Ki» 

I 0 0 1 7 ] JbfEV® 1 2 Vffi. 1 2 (wHX* & 

4x53fe7r^^l 3(0^@±t) t» if^l~2^m7<# 
<, Ml26~12 7Mmi:$n, Jg8?£li8 5 
SaE£*oTV*3. VII12. 1 2- ■•0«CJ8J:V 

Fa^d 2li s ilx^^tiSTt^r^^l 3, I3<0$:.&ut 

wi^d i [zzvmsi&fezti, mmd 2i±, tie«* 

(1) lrJ;t)atHl^^5 0 
d2=dl/cos« - • • (1) 

&PUlLSJxfcit7r-i'/*»l»l 3 SDRS?-* <fc 5 T-fc 
Hli. Vffi.1 2tt*«l l*ffifc8*»j«Sn. rttfe 
«5MMId2H\ 3te7r-f'<«Mft©MNId 1 1±, 2 

5 0/im-CS;H-^5roT% d 2 = 2 5 0/c o s 9 t 
0 2l:*tJ:p|:, 8 .^<r>%-7 7 4 -><"r 
—y-t-m^mi^tzi G-h<o%-7 7 4 ;<l 3&i&m-tz>£ 
5 -CifctUi , rnfjoraiBdiii, ii^ 1 2 7 M mi ^ 
d 2 = 1 2 7/c o s 9 t $tu5„ " 00 J; 5 

7Kl4tli-?tff»^-(?*)5. 
[0018] t©.t5^3t77'f^7K 1 4 

?-i6flfflico^7r^/<l 3(0^ 0 1 t^L< <c 
v*i 2©«f4^ 8 1 rn*asiRi 
lJilrff^L-, ~<nvffi.l 2.\z.%y 7 4 ^\ 3 Sr^fc-fr 
-CilRSLfctWCfca©^ ^ErO^ffiasi 3 a ^»«l 
1 W^MfficSl latttl;, £Sl 1 (OjKaD{r>rtUT 
ilKlftsr t»r ±ct, ^i-3t7r-f^ 1 3<d 
5fe4ffi® 13a Srffl^ 9 1 <t 5 teW^S - i: 

^"e^^>„ t^oT, '&&M\zto\,^X7ikLtzytZ7 7 4s<T 
WoilJS©i5t> *7 7^/^ffi^«lcj;o 

<^5l!9f\f-tt?&A?r, %7t4'< \ 3co^#4^^{rJ;oT 
8fe5gi-5i^S^/jr< , tIC7t7 7-1 , ^7H'14©S 
SSI14a*?fitSCt^5„ Sfc, 

[0 0 19] <^{r x ±8236^7^^7^ 1 4»r^iE-f 
3fe*a6K?-y7'©— fif9S:5%i-aftBi-Cfc9» (a) 

±*»fejtfc¥iiH» (b) lidosEi, ( c ) 

6, st^M^ht'tsto-c'fcs. m& 



7 

!K 2r©«Ej6*, «^SSS«1 5 

Js<T W 1 4 fc<DS$g$gffil 5 a t S;iVCV*-5. * b 
T» r l 5W±aa»ci4, ftig&Sgi 6*Mg 

asss 1 6 „ i6 -*sfltris3iasKS« i 5 o^sssb i 5 

a K*fL-C#4£>i:/j;3 J; 5 lc^$n-CV>5„ -t 

ut, wkmus 1 5 a 1 6 <o9tmm 1 6 a t 10 

[0020] lEXVKRie^ 

1 5 ro^jggSffi® 1 5 a CM LT#4£> £ tt, StfttiigB 1 5 

al:lI4?ii:»Lt, 5fc>g$&Sgi 6 <E>3te<Ditfr;£6i 
tfVft&0 2 0«#S:|[t5r t=SrV^. ;©M8 2^ 

1 6 82i: r <£>4S#4:ft 8 2 tt. 20 

**&8§^S'7 , 'l 7l:»R$W3fc7r-1 , ^7K 1 4 
ffl^r-^'n 3tD-«£Mi 0 l i^uv^ (92 = 01) 

*>fei»*»*i,«Tea»sc (2) -s^fc-r ± 5 k ut 

nl • s in(l=n2 - a ln(2 • • • (2) 
tff^T-fc !)« n2 Ii3t^&?g 1 6 &&m-t-Zft<Dm%>B 

tfmx-ibZo mmfte i = 8° . m = i, a 

5 (¥3SS367r^^) „ n2 = 3, 2 1 {ftmm&l 30 
6**1 nP«ffl»i^) T-fcnii> 0 2I±. ±IB»* 
(2) ±9 3, 6° £fc5„ m&Ae 2*Sro5±5*^ 

T-f^l 3 fc, 3t^8S^->7 p l 7C03t^&^l 6 t 

[0 0 2 1 ] ±|E3fe2SJfi?Sl 6«, ^E^tf^:*^ tf?y 
, LiNb0 3> **flc<**»b*5> — «Wfc/BV* 

>^y?->?lz£Ztf9xmMl$,k&m?>-&t>-<ttzjj 40 
ifcttx ^T'f^TM 1 4CJ3(t'55t7r^^l 3<7? 

l 4fr*5»t53t7r-<^i 3<7>ffiRSd l tlRl«C$ixS 

i6wF^pgd3 (wn^MMt^roinm) 12, d3 = d2 

cos02=dlcos02/cos0 1 C J: 13**5 



> #WJ 2001-324647 

8 

[0 0 2 2] z<Dj:?t£ytm$im3-<yyi 7-e*>mi, 

^*#*8ESgl 6tfS, 3t77-f^*l 3 £a&tt4Bfi£*3 

iUaSrMtfitSwtCioT, BfMw^A 

0 2SrWT5J;5lc:, 3fc3M68Si 6 w^ffiSriDX-T5 £ 

j^gg^ 5/7*1 7©«ffil 7 a co9F^«Sr^x-5^ 

wm-fimn. arm, KA-r*>n»iJ:v*0>-e, 

6 0«^atctoTeS:iti-5^S*s>i< , til:, }fc 
7r^/<7W 1 4<D«gg«®l 4 a SrWMff S^tiiS 

<D3t77^f/<7M 1 4 tSttirirlCj: 9{&tli*c, 
[0 0 2 3] #CK N 5fe7r-r^<TW 1 4 t^t^Jg^ 

i^fui ?t^JSi^^ 7 £ <7>^fi, s« i 

1 <n&mztti,X\M.iii\z.wm£titzyf7 r ^( ;<T \^{ l 

4 <D&mmm Hah 5g&ggs« j 5 (o&mzm ur 

ffi^CW«$ttfc:7t^iS^5/7 > l 7 (Om^m 1 7 a 
itr*fr6j^-fr, Jt^T'f^l 3 kftm&i&l 6 i:SrIS^ 

77-f^l 3 <b3t*^SSl 6 ^©Ifrg^jfei: tttt. k 

tax -5c 

[0 0 2 4] _h|E^7r-Y^T W 1 4©gfgail 4 
ai> 3t»«IS^-y7'l 7»iiSil 7 a ±i£^ 

T^Uc*77>f/<7W i^SSS^y^fcroSMfcfr 
ft«i5l:, 3fe7T^^<*5J:tr3t*jftlSw«»A* («F 

Wte*Sr8fcJg-*-«^K*s*<, gill, )t77YAi 3 

[0 0 2 5] HI 4 ~E1 6 12, *7r^^7W 1 4 i:3t 

H4I1 *7 7 ^/<7W l 4 4r53S5R3t*»K 
^5'7 , 2 7tS; > 3fc7 7^/<13Wfi^i > *^jfi?g 
2 6^«#4^t?rttl-0 1 t U-C»J5tbfctoro«ISr 



(6) 



2001-324647 



10 



[0 0 2 61 El 5 f*. *7ri'^7W 1 4 bf&SMm 

^OttM (JS*r©«fcflll) ^bttWlS-klBtMIBt (2) 

3 fc5fe*R3 6«*l«i-*i fc*«t»#5. 
[0 0 2 7J 06 14, ±|EH4 0SMJt*S?a— /UfciSV 10 

t, 3t7r-f^*7 W l 4i:3t#StKf y7"3 7 twlffl 

-5, rcO± pfr, %yy(^T 1 4 t)ti)S!!Sfy 

-f /<l 3 i:3t»*K3 7 i«£JM5te*stf-«3teR***:J: (3 
<S«iS*5 ±IE*Slt*l8 t L-TI4, 09 

*.«iB*fflv^felt5AR3— K4if*s*H , P,ix5. AR 
a— hbii. MjttfS i O.A>&ft5]VR^, T i 0 2 ^ 
fcfcSW&SrXSK:, 3fc7r-l'^7Wl4©»^«ffi 
1 4 aliClfStioTML, ffSt^mWHR^ 20 
K8 4rMt5tWT?*)S. i co J; 5 JrMSMM 8 tm 
/SSJtfci&'g'Kt, 3t7r^/<7H , i4i*iS«gf 

[0 0 2 8] n roi 5*36*^3.— /Mrisv^li, 3fe7 
14, ft^r-f^i 3W5tw5tfT*(Rl»r^UT, tiSMVfc 

-Y^TH 1 1 4 t3t*SKf-y7l 7 ir^StLfc^ 30 

[0 0 2 9] ft**, 1214 ~ 6 Iw^Lfc^t^v 5 ^— /Hi, 

[0 0 3 0] 

ft) 7 r>T'<«>SHJ|j 



gg^y7 p Srfflv\ 7t7r-r^<ru-f ±ro^t7r-l'-'<«c^c 

imvx^^(DX\ yt&&tt>mmzm&s.ftbti:5 0 s 

fc, ±fE5fc^eS?3.— yHd*JV>T, *7r^f^7W b?t 
mm&<? y 7b <om fcfcK*t««r4Ni5E<**;h,tf J: *> 3t£t 
St *<S«-t- 5 r i flS T* £ -5 „ 

[01] (a) *aSW«>3t7r-f u^-w— 09«r^ 

(b) (a) <Dfcm®x&>z> 0 

( c ) (a) <omwmmzL*i\-yz>mmw\X'&>z> 0 

[@2] *%Ko3t7rW^T Wtcffiv>t,n<53t7 
[0 3] (a) *3BM«?3ftJ»«K^-y7'©— WSriiW 

(b) (a) <ommmx3bz> 0 

[El 4] #9&W<o)lt'ei?=L>-/i,<ofisi<omm<nmi»S: 

[0 6] *5£w<d%*:-/=l— jwm 3 <Dmm<Dmim& 

TrrfW-mmX'&Z. 

[0 7] (a) '&%L<0%*zi?zL~ ,/K£>— {«J{wtJft-53t 

0r-fo5o 

(b) (a) <DiMMmxtbZ> 0 

(c) (a) <0%-7 7<<'<T WK*3l7-3«iB£4SBffiK*3 
l75Hfffi0T-fe-5o 

[0 8] (a) t**^!^^-^^— ;K£>— M\z£Hfz>yt 

0T-£>2> O 

(b) (a) (£>{B!lB0T?*>£. 

(c) (a) <otftyr^y<T Wfct3»t5»^sgs{r*3 

«ts»fffi0-efe5. 

[^^•^IftBJJ 

1 1 mm 

1 2 V}» 

1 3 3fe7r^^ 

1 4 7t7r^/<7M 
1 5 *S?8gS« 




im3] 





(8) 



ftffi 2001-324647 



[EI7] 




7 

z 



5 



J- 



(a) 



ft>) 



[08] 



z 



(o) 



z 



J. 



T 



7oy b^<—i><Dm% 

(72) mm «— » 



(72) ^m^- &m 

F*— 2H037 AA01 BA24 CA10 CA34 DA01 
DA12 DA18 
2H047 KA03 KA15 MA05 RA08 TA32 
TA47 



